BIOCHEMICAL SOCIETY TRANSACTIONS
As a first step we wished to establish the pathways of phosphatidylinositol metabolism in this organism. In particular we wished to define optimal conditions for the assay of the enzymes involved. In rat liver it is well established that phosphatidylinositol is synthesized de nouo from myo-inositol and CDP-diacylglycerol, the latter from CTP and phosphatidic acid (Carter & Kennedy, 1966 ). An alternative mode of myo-inositol incorporation into phosphatidylinositol can occur via the exchange of free myo-inositol with the myo-inositol portion of the membrane-bound phosphatidylinositol. This activity has been shown to be due to a distinct enzyme separable from those involved in the biosynthesis of phosphatidylinositol via CDP-diacylglycerol (Takenawa & Egawa, 1977) . In the present paper we report the existence of similar pathways of phosphatidylinositol biosynthesis in the lower eukaryote, Dictyostelium discoideum.
Dictyostelium discoideum strain AX2 (A.T.C.C. 24397) was used and myxamoebae were grown as described by Watts & Ashworth (1970) in HL5 medium containing glucose. Myxamoebae were harvested during the exponential phase of growth (at a density of 5 x 106-9 x 10' cells/ml) by centrifugation at 5OOg for IOmin, washed once with water and the cells disrupted in either 0.25 M-sucrose/l mM-EDTA/lOmM-Tris/HCl, pH 7.4, for studies on myo-inositol exchange, or 0.25 ~-s u c r o s e / l 7 m~-potassium phosphate, pH 7.4, when phosphatidylinositol biosynthesis de nouo was investigated.
Cell disruption was achieved with six bursts, each of 15s duration, at 15s intervals with a probe sonifier (MSE). Microsomal membrane fractions were prepared as described previously (Wirtz & Zilversmit, 1969) and the membranes resuspended in 20 mM-TridHCl, pH 7.4 (myo-inositol exchange) or 0.25 M-sucrose/l7 mM-potassium phosphate, pH 7.4 (biosynthesis de nouo), as described previously (Brophy et al., 1978) .
The incorporation of myo-inositol into membrane-bound phosphatidylinositol by the exchange reaction was measured in the presence of my0-[2-~HIinositol (0.5 mM; 3 pCi), 0.5 mMMnCl,, and microsomal protein (4mg/ml) in a total volume of 2ml of 2Om~-Tris/HCl, pH7.4. ARer 30min at 37°C the incubations were stopped by sedimentation of the membranes at 37000g for 30min. The membranes were subsequently washed and the formation of ph0sphatidyl[2-~HIinositol was measured as described previously (Brophy et al., 1978) . The biosynthesis de nouo of ph0sphatidy1[2-~Hlinositol in the presence of optimal concentrations of rny0-[2-~Hlinositol (0.5 mM, 6 pCi/pmol), CTP ( 0 . 5 m~) and MgCl, ( S~M ) in a total volume of 2.5ml of 0.25 ~-sucrose/l7 mM-potassium phosphate, pH 7.4, was measured similarly.
The specific activity of the myo-inositol exchange reaction was 60. The widespread nature of the phenomenon of stimulated phosphatidylinositol turnover (Fain & Berridge, 1979; Jones et al., 1979) suggests it has a fundamental r6le (or r6les) in cellular physiology. Since the discovery by Hokin & Hokin (1953) of the stimulated turnover, a considerable number of functions for it have been suggested (e.g. Hokin, 1968; Michell, 1975; Hawthorne & Pickard, 1979) . We have suggested, however, that there may be more than one function for this event and that these functions may not be mutually exclusive , 1980 ). This conclusion is based on the enzymology of phosphatidylinositol catabolism i.e. the properties of the enzyme (or enzymes) probably responsible for the specific hydrolysis of the phosphoinositol group from phosphatidylinositol.
We have recently concentrated on the cytosolic, calciumdependent phosphatidylinositol-phosphodiesterase (EC 3.1.4.10) [as opposed to the lysosomal, calcium-independent enzyme Richards et al., 1979) l and investigated its properties in uitro to shed light on howh could be controlled in uiuo. The enzyme is apparently unable to hydrolyse phosphatidylinositol in a membrane (Low & Finean, 1976; Irvine et al., 1979b) . Thus, the enzyme is in a repressed state in uiuo, and its activation may depend partly on the removal of inhibitors (Irvine et af., 1979b) and partly on increased levels of activators in the membrane. Activators are of two main types: acidic (i.e. non-choline-containing) phospholipids, and unsaturated amphiphiles (Irvine et al., 1979a'b) . These two types are additive and, under some conditions, synergistic in their effects (Irvine et af., 1979b) , and these observations have important implications for the control of phosphatidylinositol breakdown in uiuo.
Firstly, the initial trigger for increased phosphatidylinositol hydrolysis could be the development of local concentrations of activators (e.g. phosphatidic acid, fatty acids) at certain cell sites, such as adjacent to cell receptors in the plasma membrane. Secondly, phosphatidic acid, the most potent activator of the phosphatidylinositol-phosphodiesterase in uitro (Irvine et af., 1979b) , and unsaturated fatty acids are both formed as a result of phosphatidylinositol catabolism in uiuo: the diacylglycerol formed by the phosphodiesterase can be deacylated to release fatty acids (including arachidonic acid, Sun et al., Bell et al., 1979) and also recycled via diacylglycerol kinase (Hokin, 1968) to phosphatidic acid. Phosphatidylinositol catabolism has, therefore, a great potential for self-amplification which, combined with the high specificity of the phosphatidylinositol-phosphodiesterase, means that the hydrolysis of a limited amount of membrane phospholipid can be initiated rapidly. Moreover, the predominance of the different products of phosphatidylinositol catabolism will depend on the relative activities of the enzymes deacylating diacylglycerol, rephosphorylating diacylglycerol, or resynthesizing phosphatidylinositol from phosphatidic acid; thus a cell can put the hydrolysis of phosphatidylinositol in a membrane to a variety of uses depending on that cell's physiological functions.
Firstly, Hawthorne & Pickard (1979) have suggested diacylglycerol produced from phosphatidylinositol may have a role in exocytosis in nervous tissue. Secondly, the ability of phosphatidic acid to act as a calcium ionophore in a Pressman cell (Tyson et al., 1976) and liposomes (Irvine & Dawson, 1980) could mean that replacing some of a membrane's phosphatidyliiositol with phosphatidic acid would cause changes in ion permeability; a high degree of correlation between calcium 'gates' and phosphatidylinositol turnover has been well documented by Michell's group (see Jones et al., 1979) . However, recent evidence that most of the calcium entering the cytoplasm may come from mitochondria suggests a secondary signal to this organelle perhaps also resulting from phosphatidylinositol catabolism (Blackmore et al., 1979) . Several workers have suggested prostaglandins as mediators in mitochondrial calcium emux (Kirtland & Baum, 1972; Malstrom & Carafoli, 1975; Carsten & Miller, 1978) and the possible central role of phosphatidylinositol in prostaglandin synthesis (see below) would l i k not only these observations, but also the inhibition of calcium-mediated cellular events by indomethacin (Northover, 1977) . [Indomethacin may inhibit the calciumdependent phosphatidylinositol-phosphodiesterase as it does other phospholipases (Kaplan et al., 1978) ; such an inhibition, rather than an effect on cyclo-oxygenase, is an alternative explanation for indomethacin action.] Thirdly, phosphatidylinositol catabolism will inevitably result in the release of some arachidonic acid (see above) which could be used by the cell for prostaglandin synthesis Sun et al., 1979; Bell el al., 1979) . Furthermore, the observation of a direct and specific arachidonic acid transfer to phosphatidylinositol by acyltransferases (Irvine & Dawson, 19796) opens up the possibility of a much more central role of phosphatidylinositol catabolism in arachidonic acid release than has been previously envisaged. Again the relative rate of deacylation rather than phosphorylation of diacylglycerol, and the activity of acyl transferases, will determine the quantity of arachidonic acid released.
In summary, the conflicting views of the function of phosphatidylinositol turnover may be reconcilable: with its variety of products and self-amplifying potential, the stimulated turnover is possibly put to a variety of uses (not mutually exclusive) some of which have already been proposed, and perhaps also some of which remain undiscovered. Our studies on the biochemistry of phosphatidylinositol turnover are beginning to reveal possible mechanisms of control (Irvine et al., 
